Bull. Mater. Sci. (2018) 41:104
https://doi.org/10.1007/s12034-018-1621-3

© Indian Academy of Sciences

Thermal and curl properties of PET/PP blend fibres
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YONG WAN PARK!, MIRA PARK?, HAK YONG KIM?, HWAN CHUL KIM?,

JONG CHEOL LIM*, FAN-LONG JIN® and SOO-JIN PARK®*

IKorea Institute of Convergence Textile, Iksan 570-330, Republic of Korea

2Department of Organic Materials and Fiber Engineering, Chonbuk National University, Jeonju 561-756,

Republic of Korea

3Department of BIN Convergence Technology, Chonbuk National University, Jeonju 561-756, Republic of Korea

4Uno & Company Co. Ltd., Wanju 565-904, Republic of Korea

SDepartment of Polymer Materials, Jilin Institute of Chemical Technology, Jilin City 132022, People’s Republic of China
%Department of Chemistry, Inha University, Nam-gu, Incheon 402-751, South Korea

*Author for correspondence (sjpark @inha.ac.kr)

MS received 12 July 2017; accepted 6 December 2017; published online 26 July 2018

Abstract. Blends of polyethylene terephthalate (PET)/polypropylene (PP) and the ternary copolymer ethylene—acrylic
ester—glycidyl methacrylate (EAG) as the compatibilizer were prepared using a twin-screw extruder. The thermal properties,
densities and morphologies of the blends were determined using various techniques. Next, PET/PP blend fibres were
prepared using a melt—spinning system, and their curl properties were investigated. Scanning electron microscopy (SEM)
results showed that the number of PP particles in the PET matrix and size of the PP phase decreased as the EAG content
increased. The melting temperature (7,) and cooling crystallization (7.) values of PP in the PET/PP blends decreased
significantly after the addition of 1% EAG. The density of the PET/PP blend fibres decreased significantly with increase in

the EAG and PP contents. After curl formation, the curl length of PP in the fibres was shorter than that of PET.

Keywords.

1. Introduction

Polymer blending is a widely used method for producing
novel high-performance organic materials without synthesiz-
ing completely new polymers. The materials produced using
this method synergistically exhibit the properties of two or
more polymers that were used as starting materials [1,2].

Several studies were reported for the preparation and
characterization of polyethylene terephthalate (PET)/
polypropylene (PP) blends. PET/PP blends can be readily
processed by extrusion and injection moulding processes. The
processed blends have good mechanical properties, low melt
viscosities, good spinnability and relatively low costs. Thus,
these blends were used as synthetic fibres for applications,
e.g., in electronics, in food packaging and beverage contain-
ers and in film and automotive technologies. Of the various
blends that were studied, PET/PP blends and their fibres were
used extensively, and high-quality wigs are the most impor-
tant application [3-6].

However, PET and PP are immiscible owing to their differ-
ent chemical natures and polarities. As aresult, blends of these
polymers exhibit phase separation, forming a continuous
PET phase (matrix) and a discontinuous PP phase (dispersed
phase) [7,8]. Thus, a suitable compatibilizer is usually used to
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improve the compatibility between PET and PP. The blending
of PET and PP aided by various compatibilizers was explored
by several researchers. The most commonly used compatibi-
lizers can be divided into PP-based polymers and copolymers.
PP-based polymers include maleic anhydride-modified PP
and glycidyl methacrylate-grafted PP [9-12], and common
copolymers are a hydrogenated styrene—butadiene—styrene
block copolymer, a glycidyl-methacrylate-modified styrene-
b-(ethylene-co-olefin) block copolymer, a n-butyl acrylate
glycidyl methacrylate ethylene terpolymer, an ethylene—
glycidyl methacrylate copolymer, and poly(ethylene-co-
methyl acrylate-co-glycidyl methacrylate) [13—18]. A suit-
able compatibilizer not only improves the compatibility
between PET and PP, but also improves the characteristics
of the resulting blends. Additionally, the fibres of the result-
ing PET/PP blend can be used as wig fibres to mimic human
hair.

In this study, PET/PP blends and their fibres were prepared
using an ethylene—acrylic ester—glycidyl methacrylate ternary
copolymer (EAG) as the compatibilizer. The thermal proper-
ties, densities and morphologies of the synthesized fibres were
investigated using differential scanning calorimetry (DSC),
dynamic mechanical analysis (DMA), densitometry and scan-
ning electron microscopy (SEM). Finally, the suitability of the
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Figure 1. Chemical structure of EAG.
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Figure 2. T, and T of PET and PP in PET/PP blends as a function of EAG content.

synthesized fibres for making wigs was tested by evaluating

the curl properties of the fibres.

2. Experimental

2.1 Materials

EAG, which contained 24 wt% methyl acrylate and 8 wt%
glycidyl methacrylate, was supplied by Arkema Company
(LOTADER® AX8900). The chemical structure of EAG is

shown in figure 1.

PET and PP chips were obtained from Huvis Co. Ltd.
(Super Bright, M,, = 20000) and LG Chemical Co. Ltd.
(Seetec H7511, MI = 13), respectively. The compatibilizer

2.2 Preparation of PET/PP blends

The PET/PP blends were prepared using a twin-screw
extruder (Brabender TSE 20/40D, D = 20 mm, L/D = 40).
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Figure 3. T.. of PET and PP in PET/PP blends as a function of
EAG content.

The extruder was divided into nine sections with temper-
ature from 240 to 250°C. The screw speed and feeding
rate were 250 rpm and 3kg h~!, respectively. To improve
the compatibility between PET and PP, two reverse segments
were set in the screw of sections 3 and 9. The extru-
date was cooled in air and cut into pellets using a rotary
cutter.
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2.3 Preparation of PET/PP blend fibres

To investigate the effect of the EAG content on the proper-
ties of the resulting fibres, blend chips were prepared using the
twin-screw extruder for samples with a PET/PP ratio of 80/20
and EAG contents from 1 to 10%. To investigate the effects
of the PP content on the properties of the resulting fibres,
blend chips were prepared for an EAG content of 5% and PP
contents from 5 to 20%. Melt spinning was performed on the
chips using a melt—spinning system at cylinder temperatures
from 250 to 265°C and a die temperature of 260°C. The flow
rate and spinning speed were 400 ¢ min~! and 130 m min~!,
respectively.

2.4 Preparation of curl

The PP content was varied from 5 to 20% and the EAG content
was 5%. A 15-inch fibre (2 g) of the PET/PP blend being
tested was spread on a piece of paper and then wound around
an aluminium pipe with a diameter of 25 mm. The pipe was
heat-treated in a drying oven at 80°C for 60 min to set the curl
and then cooled at room temperature. To check the loosening
of the curl over time, the length of the curl was measured after
periods from 1 to 72 h.

2.5 Characterization

The thermal properties of the PET/PP blends were inves-
tigated using a DSC system (Q100, TA Instruments) for
temperatures from 30 to 300°C at a heating rate of 10°C min ™!
and at a nitrogen flow rate of 50 ml min~'. The temperature
dependence of the loss factor (tan §) of the PET/PP blends
was analysed using a DMA system (RDS-II, Rheometries
Co., Leather-head, UK) at a frequency of 1 Hz, in the tem-
perature range from —50 to 200°C, and at a heating rate of
5°Cmin~!.

The morphologies of the fibres of the various blends were
observed using an SEM system (S-3000N, Hitachi) at a mag-
nification of 2000 x.

Density measurements were performed using a densito-
meter (AG204, MettleToledo), and the density was

Table 1. DMA data of PET/PP blends with various EAG contents.

PET PP EAG
PET (%) PP (%) EAG (%) Lossmodulus(MPa) tand Loss modulus (MPa) tan § Loss modulus (MPa) tan§
80 20 0 93 106 11 20 —-59 —51
80 20 1 92 105 10 19 —55 —46
80 20 3 93 108 12 14 —53 —43
80 20 5 93 106 11 18 —51 —41
80 20 7 90 105 — — —49 —41
80 20 10 93 106 — — —44 —36
100 0 0 94 104
0 100 0 11 20
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(¢) 5% EAG

(e) 10% EAG

Figure 4. SEM photographs of cross-sections of PET/PP blends with different EAG contents

(magnification of 2000x).

calculated as follows:

o= (po — pL) + oL, (1

A—B

where p is the density of the sample, A the weight of
the sample in air, B the weight of the sample in ethanol, p, the
density of ethanol and pp the density of air
(0.0012 g cm™).

3. Results and discussion

3.1 Thermal properties

The melting temperature (7;,,) and glass transition
temperature (7,) of PET and PP in the PET/PP blends were
measured using DSC, and the results are shown in figure 2.
When the EAG content was increased, the T, values of PET
in the blends were constant, whereas the T, values of PET in
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Figure 5. Density of PET/PP blend fibres as a function of (a) EAG
or (b) PP content.

the blends increased slightly, as shown in figure 2a and c. On
the other hand, the T, value of PP in the blends decreased
significantly with the addition of 1% EAG as shown in fig-
ure 2b. This different behaviours of the two components is
that EAG is more compatible with PP than with PET. The
olefins in the EAG structure are compatible with PP, whereas
the epoxy group at the end of EAG chain is ring-opened and
combines with the end group of PET. Further, the number
of olefins is higher than the number of epoxy groups. Thus,
EAG is more compatible with PP than with PET. As the EAG
content is increased, more EAG blended with PP, further hin-
dering crystallization by this polymer and decreasing the T},
of PP in the PET/PP blends [5,19].

Figure 3 shows the cooling crystallization temperature
(Tee) values of the PET/PP blends as a function of the
EAG content. When the EAG content was increased, the 7.,
of PET did not vary significantly. However, the T.. of PP
decreased significantly with the addition of 1% EAG. This
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Figure 6. Change in curllength of PP with different curl-formation
temperatures.

difference in outcome can also be attributed to EAG being
more compatible with PP than with PET; thus, EAG perme-
ates into PP and hinders crystal formation [4,20].

Table 1 shows the DMA results for the PET/PP blends
with the various EAG contents. When the EAG content was
increased, the loss modulus and tan & values of PET in the
PET/PP blends remained similar to those of neat PET. On
the other hand, with an increase in the EAG content, the
loss modulus and tan § values of PP in the blends decreased
gradually, while those of EAG in the blends increased grad-
ually. This result can be explained as follows: EAG contains
24% acrylic ester and 8% glycidyl methacrylate and has a
greater number of reactive groups that can combine with PP.
EAG had a more pronounced effect on the crystallization of
PP and prevented PP from crystallizing, leading to decrease
in the modulus of PP. In particular, when the EAG contents
were >5%, the modulus peak of PP disappeared in the blends
[8,9].

3.2 Morphology

Figure 4 shows SEM images of the cross-sections of the
PET/PP blends with different EAG contents. As shown in
figure 4a, numerous PP particles could be observed in the
PET matrix, indicating that PP and PET were immiscible in
the absence of EAG. The PP phase in the blends had a few
small particles, as can be seen in figure 4b—e. When the EAG
content was increased, the number of PP particles and the size
of the PP phase decreased, and a PP interface covered with
EAG formed within the PET matrix [21-23]. Based on these
results, the compatibility between PET and PP improved after
increasing the EAG content.
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Figure 7. Change in curl length of PET/PP blend fib
of PP content.

3.3 Physical properties

Figure 5a shows the density of the fibres of a PET/PP blend
with a PET/PP ratio of 80/20 as a function of the EAG
content. The density of the fibres decreased significantly as
the EAG content was increased. Figure 5b shows the den-
sity of the fibres of a PET/PP blend with 5% EAG as a
function of the PP content. The density of these fibres also
decreased significantly with an increase in the PP content.
One of the purposes of this study was to prepare a yarn
with a density of 1.32 g cm™>, which is similar to that of
a human hair. Fibres with this density could be achieved
by adding 5-10% PP and 5% EAG to the PET matrix
[24,25].

3.4  Curl property

Figure 6 shows the change in the curl length of PP after treat-
ment at different curl-formation temperatures for 60 min. As
shown in the figure, the length of the initial curl decreased with
an increase in the curl-formation temperature. The change

res after treatment at various temperatures as functions

in the curl length also decreased with an increase in the
curl-formation temperature. Finally, the change in the curl
length increased significantly as the treatment time was
increased up to 2 h [26].

Figure 7 shows the change in the curl lengths of PET/PP
blend fibres after treatment at various temperatures as a func-
tion of the PP content. The curl length of the fibres decreased
with an increase in the treatment temperature suggesting that
curls with desirable properties were formed at higher tem-
peratures. The initial curl length decreased as the PP content
was increased. This result indicated that the elastic force in
the curls decreased significantly after the initial stage. Using
this information on the effect of treatment temperature and
PP content, fibres with larger curl lengths could be obtained
[27].

Figure 8 shows photographs that document the extent of
curl loosening for fibres that were made from PET/PP blends
with different PP contents and different durations of treatment
at85°C. After curl formation, the curl length of PP was smaller
than that of PET, owing to the thermal shrinkage ratio of PP
is higher than that of PET. This result was also attributable to
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Figure 8. Photographs of curl loosening of PET/PP blend fibres with different PP contents.

the sagging caused by the weight of the formed curls, given
the low specific gravity of PP [28].

4. Conclusions

Different PET/PP blends and blend fibres were prepared using
EAG as the compatibilizer, and the thermal properties, den-
sities and morphologies of these blends were investigated.
The Ty, and T, values of PP in the PET/PP blends decreased
significantly after the addition of 1% EAG. When the EAG
content was increased, the loss modulus and tan § values of
PET in the PET/PP blends remained similar to those of neat
PET and the loss modulus and tan § values of PP in the blends
decreased gradually. SEM results showed that both the num-
ber of PP particles in the PET matrix and the size of the PP
phase decreased as the EAG content is increased. Further, the
density of the PET/PP blend fibres decreased significantly
with increase in both the EAG and PP contents. Finally, the
curl length of the fibres decreased with an increase in the
treatment temperature. The curl length of PP in the fibres was
smaller than that of PET after curl formation.
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